Summary
We hypothesised that myosin II (MyoII) dynamics in the purse string might 1 regulate changes in wound closure rate and quantified the intensity of MyoII in the 2 purse string during the closure process (Fig. 1c) . MyoII intensity increases after 3 wounding, before peaking at roughly twice the initial intensity. This peak coincides 4 with the transition between fast and slow closure phases. The saturation of MyoII 5 before complete wound closure suggested that other cell behaviours might be 6 required to generate forces to complete wound closure. By closely examining cell 7 behaviours around the wound, we observe that cells at the wound edge readily 8 undergo intercalation (Fig. 1d , e, Supplementary Video 2). This cell behaviour differs 9 to those associated with wound healing in other Drosophila tissues, such as cell 10 fusion 15, 16 , polyploidisation 16 and cell intercalation further from the wound edge 17 .
11
During wound edge intercalations, junctions in contact with the wound shrink to a 12 single vertex and new junctions grow in the orthogonal direction (Fig. 1d) . As a 13 result, the number of cells in contact with the wound decreases over time (Fig. 1e, 
14
Supplementary Fig. 1a-d) . The rate at which wound edge cells intercalate is roughly 15 double that of an unwounded tissue (Fig. 1g) , while the majority of intercalation 16 events occur during the slow phase of wound closure (Fig. 1f) , indicating that wound 17 edge cell intercalation might be required to promote the completion of wound 18 closure.
19
To quantitatively test the role of wound edge cell intercalation, we developed Fig. 3c, d ) have little effect 8 on wound closure rate. We therefore used the model to test the relative roles of 9 intercalation rate and purse string tension in wounded tissues. We found that the rate 10 of intercalation in the tissue can be quantitatively tuned by modulating the line 11 tension term, which represents cell-cell interfacial tension in our model 7 (Fig. 3a) .
12
Intercalation rate can also be tuned by modulating the perimeter contractility (Fig. 3b) . Although reducing line 20 tension throughout the system increases bulk tissue fluidity (Fig. 3c) , the effect is 21 more enhanced at the wound edge (Fig. 3d) . Unexpectedly, we find a region of 22 parameter space where a reduction in purse string tension is more than 23 compensated for by an increase in tissue fluidity, leading to accelerated wound 24 closure (Figs. 3b, e-f, magenta). This suggests that tissue fluidity can act as a predominant driver of wound closure and that the purse string may only be providing 1 a directional cue at late closure stages, despite providing the initial driving force.
2
To test these predictions from our vertex model further, we sought to 3 experimentally perturb cell edge tension. In epithelial tissues, cell edge tension is 4 governed by the activity of non-muscle MyoII (Fig. 4a) 
11
We confirmed the effect of these genetic perturbations on tension by quantifying 12 vertex recoil rates (a greater recoil rate implying higher tension) after single junction 13 ablations ( Supplementary Fig. 5 ). We then wounded these wing discs In Rok RNAi wing discs ( Supplementary Fig. 7 , Supplementary Video 7), in 21 which tension is reduced, wounds close faster than in WT wing discs. While these 22 wounds initially close more slowly than WT wounds, they eventually overtake them Supplementary Fig. 4a ). This is accompanied by an increase in the rate of wound edge intercalation (Figs. 4d-f and cell-cell adhesion 9 . These two properties combine to control the magnitude of a mechanical energy barrier, which must be overcome for cells to rearrange relative to 1 each other 9,24 , allowing an epithelium to behave as a fluid. By reducing tension in the 2 wing disc, we are likely lowering this energy barrier, allowing cells to rearrange more.
3
Simulations demonstrate that, with intercalations, tissues can transit to a lower 4 energy state, which may allow further intercalations to occur ( Supplementary Fig. 8a-5 c).
6
The dynamics of wound closure in wing discs can be explained purely through 7 junctional dynamics in our vertex model, rather than previously described cell-8 crawling based migration [26] [27] [28] [29] . Closing a wound by junctional dynamics alone may be 9 a mechanism through which epithelial integrity and function can be maintained. 
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Live imaging of wing imaginal discs 3
Late third instar wing imaginal discs were cultured in Shields and Sang M3 media (Sigma) 4 supplemented with 2% FBS (Sigma), 1% pen/strep (Gibco), 3ng/ml ecdysone (Sigma) and 5 2ng/ml insulin (Sigma). Wing discs were cultured under filters, as described elsewhere 5 . 6
Wing discs were imaged on a Zeiss LSM 880 microscope with Airyscan at 512x512 7 resolution with a 63x objective (NA 1.4) at 5x zoom. Laser power of 0.2-0.3% was used and 8 images were captured with a 0.5µm z-spacing. Time intervals varied depending on the 9 experiment. For single channel wounding experiments, the first 25 images were captured 10 with no time interval (to visualise the fast, early dynamics of wound closure, using a sufficient 11 z-stack depth to include all cells in the field of view). For two channel wounding experiments, 12 the first 12 images were captured with no time interval. Subsequent imaging was then 13 performed with a time interval of 3 minutes for both single and two channel experiments, with 14 a total z-stack depth of approximately 40 µm, until wounds closed. For experiments 15 measuring unwounded intercalation rates, a time interval of 3 minutes was used for a total 16 imaging time of 2 hours. 17
18
Wounding of tissues 19
Wing discs were wounded using a pulsed Chameleon Vision II TiSa laser (Coherent), tuned 20 to 760nm at 45% power. Ablation was performed on small, manually defined circular regions 21 of interest (ROIs) that coincided with the tricellular junctions shared between all cells to beablated. This was necessary, as larger regions of interest produced significant 1 autofluorescent scarring that made subsequent image analysis impossible. Furthermore, 2 ablation of larger regions led to cavitation, which masked the initial recoil dynamics of the 3 wound. Ablation was performed in a single z-plane, at the level of the adherens junctions. 4 5
Segmentation and tracking of wound time-lapse images 6
Ecad time-lapse images were first deconvolved using Huygens (Scientific Volume Imaging). 7
Deconvolved images were segmented, tracked and analysed using Epitools 6 . The following 8 MATLAB-based analysis modules were implemented in the following order: Adaptive 9 projection (manually corrected with an additional plugin, Andreas Hoppe, unpublished), 10
Contrast Enhancement (CLAHE), Cell segmentation, Automatic seed tracking, Re-11 segmentation, Generate skeletons. The settings used for "Adapative projection" and "Cell 12 segmentation" were selected on a case-by-case basis, to give the best result for each time-13 lapse image. Default settings were used for "Contrast Enhancement (CLAHE). "Automatic 14 seed tracking" was implemented so that each cell had a single seed, where possible. 15
Corrected seeds were used for "Re-segmentation" and the resulting corrected segmentation 16 was used to "Generate skeletons". The remaining segmentation and tracking was performed 17 using Epitools' Icy Plugins. Skeletons were manually corrected using "CellEditor". The 18 corrected skeletons were used to implement "CellGraph", which was run using the 19 "STABLE_MARRIAGE" algorithm for tracking with a Propagation Limit of 5 frames without 20 cutting any border lines. Any tracking errors were manually corrected (additional tool, Davide 21
Heller, unpublished). 22 23
Quantitative analysis of wound time-lapse images 24
The following data was quantified and exported using the "CellOverlay" Icy plugin in 25 pooled from multiple wing discs a LOWESS curve was fitted to the data. 10
11
Distinction of fast and slow closure phases -a two-phase exponential decay curve was fitted 12 to the cell area data pooled from multiple wing discs. The fast and slow phases of closure 13 are represented by the ranges of the fast and slow exponential decays respectively. 14 Intercalation rates -Intercalation rates were calculated in two ways: (1) To calculate the 16 mean wound edge intercalation rate for an entire time-lapse image, the total percentage of 17 junctions lost was divided by the total time to give a value of percentage of junctions lost per 18 min (Fig. 4f). (2) To calculate the intercalation rate for unwounded tissues the 19 "EDGE_T1_TRANSITIONS" tool was run and data exported. Analysing the raw data, any T1 20 transition that was maintained for >1 time point was scored as a junction loss event (to allow 21 comparison to wound edge junction losses during wound edge intercalation). The total 22 number of cells was quantified by exporting data from the "TRACKING_STABLE_ONLY" 23 tool. Intercalation rate was calculated as the number of junctions lost per 1000 cells per 24 hour. The same units were used for wound edge intercalations. However, because a junctionloss during a T1 transition in an unwounded tissue involves 4 cells and a junction loss at the 1 wound edge involves only 3 cells, the wound edge intercalation rate was adjusted by a factor 2 of 0.75 (Fig. 1g) .
Cell elongation -cell elongation was calculated by dividing the major and minor axis length 12 of best fit ellipses (exported from the "CELL_COLOR_TAG" tool). The mean elongation of 13 pooled cells was calculated prior to wounding. Changes in mean cell elongation were 14 expressed as a percentage of the initial mean elongation. 15
16
Overlay images were generated by selecting the relevant "CellOverlay" tool layer. 17
18
Myosin II quantification 19
Myosin II was quantified during the first hour post wounding of sqh
AX3
; sqh-GFP, Ecad-20 tdTomato wing discs, using Sqh-GFP as a reporter. Because these experiments were 21 performed in a sqh AX3 null background, all molecules of Myosin II were tagged with GFP. 22
First, raw (not deconvolved) Sqh-GFP images were background subtracted using the Rolling 23
Ball tool in FIJI with a radius of 12 pixels. Maximum intensity projections (MIPs) of Sqh-GFP 24 images were then generated, which excluded any signal from the overlying peripodialmembrane cells. The CellGraph function of Epitools was run on the Sqh-GFP MIPs using the 1 segmented skeleton images from the corresponding deconvolved Ecad-tdTomato channel 2 (segmentation performed as above). 3
Junctions were selected manually using the "EDGE_COLOR_TAG" CellOverlay tool 4
were more than one cell diameter away from the wound and were not associated with a cell 9 division event. Mean Sqh-GFP intensities were exported for all tagged junctions, with the 10 mean calculated from the top 90% of pixel intensities for each junction (to exclude any dark 11 pixels that were outside of the cell's cortex). Wound edge junction intensities were 12 normalised to the mean intensity of the 10 junctions in the surrounding tissue for each time 13 point. The relative normalised intensity of wound edge junctions was then calculated by 14 dividing by the mean normalised intensity of wound edge junctions in the time point prior to 15 wounding (t0). A LOWESS curve was fitted to the data using Prism (GraphPad). 16
Assigning cell row fates 18
Cells were assigned row identities using the "CELL_COLOR_TAG" CellOverlay tool in 19
. This was done prior to wounding and these identities were propagated in time 20 through the entire movie. Cells could therefore change rows over time (by intercalation), but 21 still retained their initially assigned identities (Supplementary Video 5). 22
Vertex model 24
We model the apical surface of the tissue as a 2D network of polygonal cells, with cell-cell 1 interfaces represented by straight edges, and three way junctions by vertices. The total 2 mechanical energy of the tissue is given by Table 2 for a complete list of default parameter values. 7
8
As the tissue relaxes by minimizing mechanical energy, cell edges may shrink due to 9 contractile forces. If an edge length goes below a small threshold length, 1 , an 10 intercalation, or T1 transition, occurs, in which a new edge is formed perpendicular to the 11 original junction, if it results in a lower energy. To keep the system out of equilibrium, we 12 introduce two sources of activity: cell division, and line tension fluctuations, as described 13
below. 14 15
Cell division -we implemented a simplified model of the cell cycle, with cells in one of three 16 phases; resting, growing or dividing. Cells start in the resting phase, with the default 17 preferred area 0 . Once they have reached a threshold age, they transition to mitosis at a 18 fixed rate. In mitosis, the preferred area of the cell doubles over a period of 30 minutes, 19 resulting in growth of the cell. After 30 minutes, the cell is divided into two new cells by 20 creating a new edge between two of the cell edges which is chosen to minimize the system 21 energy. This results in division of elongated cells along their short axis. 
Modelling laser ablation and wound healing 11
Wounds in the epithelium are created by removing any cell that lies partially or fully within a 12 circle of radius . As material remains within the wound, but the actomyosin cortices are 13 disrupted, we remove all contractility within the wound. The polygons constituting the wound 14 have an area elasticity term with elastic modulus and zero contractility. As tissue material 15 leaves the gap during wound closure, the elastic modulus decreases to zero over 10 16 minutes. At the same time, tension in the purse-string surrounding the wound increases from 17 the mean line tension, ̅ 0 , to ̅ , the purse-string tension. The resulting effect is a rapid 18 expansion of wound area after ablation, followed by a contraction back to the original size 19 over 10 minutes. We simulate the tissue dynamics for 300 minutes, or until the wound 20
closes. 21
The model is implemented using Surface Evolver 9 . 200 cells are generated using a Voronoi 1 tessellation and relaxed, without fluctuations and divisions, to a steady state. The simulation 2 is then run, with divisions and fluctuating line tensions, until the tissue has grown to 250 3 cells. Next, the wound is ablated, and the simulation is run until wound closure or for a 4 maximum of 300 minutes. 5 6
Model parameters 7
We use the same normalized contractility ̅ as in Farhadifar et al.
7
. Due to differences 8 between our models, such as division rules, the same set of parameters do not apply. The 9 mean division time is taken from Heller et al.
6
. The wound radius is chosen to give a wound 10 with a similar number of initial edges as in experiments. We use the same tension recovery 11 time for line tension and time scale * as in Curran et al. plates with water into a basket. Embryos were dechorionated for ~1 minute in 12% sodium 7 hypochlorite solution and rinsed thoroughly with water. Embryos were returned to agar to 8 prevent desiccation and stage 13/14 embryos were selected by eye. Stage 13/14 embryos 9 were affixed to coverslips using heptane glue, with their ventrolateral sides facing the 10 coverslip. Coverslips were then attached to metal slide frames (Leica) using double sided 11 tape and embryos were covered in halocarbon oil 27 (Sigma). Embryos were wounded as 12 above and imaged the same as wing discs, except that 2 minute time intervals were used 13 after the first 25 time points had been acquired. Embryos were allowed to develop to 14 hatching after imaging, to confirm that the imaging process had not been phototoxic. 15
Segmentation of cells was performed as described above. 16 17
Comparing intercalation in embryos and wing discs 18
As a measure of how much wound edge intercalation had occurred during embryonic and 19 wing disc wound closure, the percentage of cells remaining close to the centre of the woundwas quantified. A circle 5% the area of the original wound was drawn where the centre of the 1 wound was immediately prior to closure. Any cell that intersected this circle immediately after 2 wound closure was scored as having not intercalated away from the wound. The number of 3 cells was then expressed as a percentage of the total number of starting wound edge cells. 4 5
Single junction ablations 6
Nanoablation of single junctions was performed to provide a measure of junctional tension. 7
Wing discs were mounted as for wounding experiments and imaged using the same 8 microscope. Narrow rectangular ROIs were drawn across the centre of single junctions and 9 this region was ablated using the same settings used to wound wing discs (see above). 10
Wing discs were imaged continuously in a single plane using identical settings as described 11 above, except that 10x zoom was used. The initial recoil rate of vertices at the ends of 12 ablated junctions was quantified by measuring the change in distance between the vertices 13 and dividing by the initial time step. 14 15
Statistical Information 16
The results of all statistical test are thoroughly reported in figure legends. Appropriate 17 statistical tests were chosen based on data distributions. Kolmogorov-Smirnov and t-tests 18 were two-tailed. For biological experiments, replicates represent wing imaginal discs from 19 different animals. Because the segmentation and tracking process is extremely labour 20 intensive, for each genetic condition 5 replicates were used. This was deemed sufficient, as 21 clear statistical differences could be observed between genotypes. 12 replicate vertex model 22 simulations were run for each parameter set. 23
The data that support the findings of this study are available from the corresponding author 1 upon reasonable request. 
